Abstract
Introduction

31
Organic aerosol (OA) is an important constituent of the atmosphere, contributing steps.
107
The third source of uncertainty is related to the scavenging efficiency of gas-phase 
192
In this study we assume that anthropogenic fuel (fossil and biofuel) combustion Table 1 summarizes the general characteristics of the sensitivity simulations.
207
A detailed description is provided below. scheme is described by the following reactions:
Sensitivities to emissions
This representation is more consistent with SOA formation from VOCs and provides
315
in principle at least a more realistic representation of SOA formation from IVOCs. Hemisphere where strong fossil and biofuel combustion sources are located (i.e.,
341
Eastern and Southern Asia, Central and Eastern Europe, Western and Eastern US).
Further downwind of the sources, the POA concentration decreases substantially due In the first sensitivity test, the IVOC emissions are set to zero and only semi- predicts high SOA-iv levels (Figures 3dc and 6a ).
398
The significant decrease of organic emissions from anthropogenic sources ( Table   399 1) due to the lack of IVOC emissions results in an overall decrease of total OA 400 concentrations by up to 5 μg m -3 over anthropogenically polluted regions (Figure 7a ).
401
On the other hand, organic emissions from open biomass burning sources remain at 402 the same level as the reference simulation (Table 1) , however, they are assumed to around 50% due to the increase of the SVOC emissions ( to SOA formation on a global scale.
413
The simulated POA in the reference model configuration is very close to the 414 average HOA concentrations derived from the AMS measurements (Table 3) .
415
Therefore, assuming lower volatility of the organic emissions results in overprediction 
High IVOCs
437
In the second sensitivity simulation, the increased IVOC emissions result in an SVOCs decrease in the gas-phase and therefore the formation of SOA-sv is reduced in 448 the sensitivity simulation. As expected, the largest effect is found for SOA-iv ( (Table 2) . However, the tropospheric burdens of fSOA-iv and bbSOA-iv 455 increase by 88% and 115%, respectively, resulting in an increase of the total OA 456 burden by 38%.
457
The additional IVOC emissions assumed in this sensitivity test do not affect the Congo) but the average bbOA concentration over both regions remains the same.
490
Overall, the fOA and bbOA emission changes lead to total OA increases over the 491 tropical and boreal forests and decreases over anthropogenic areas (Figure 7c ).
492
The lower OA emissions used in the sensitivity simulation (especially over China 
516
This results in an overall decrease of the tropospheric POA burden by 8%. Following 517 the significant increase of both SOA-sv and SOA-iv, total OA increases worldwide by 518 up to 3 μg m -3 (Figure 7d ). Overall, the tropospheric burden of total OA increases by
519
4%.
520
The model performance for POA is not affected by the change of the reaction rate 521 constant (Table 2) since POA remains largely unchanged over the Northern
522
Hemisphere (Figure 4d ). On the other hand, the performance of the model regarding
523
SOA is significantly improved ( In this sensitivity simulation we used the chemical aging scheme of Robinson et al.
532
(2007) which is currently the most commonly used in VBS models. This aging (Table 4 ). This is due to the slower aging in the sensitivity simulation ( Figure   549 1b), compared to the reference (Figure 1a) , which limits the formation of SOA from resulting in a decrease of total OA by 13% (Table 4) .
581
The simulated POA concentrations remain almost unchanged in the sensitivity 582 simulation; therefore, similar to the reference, the calculated POA is unbiased 583 compared to measurements (Table 2) . On the other hand, the lower SOA-iv (Figure 6g ). Total OA increases by up to 2 μg m -3 due to the simultaneous increase of both POA and SOA (Figure 7g ).
607
Overall, the tropospheric burden of SOA-iv increases by 17% and of total OA by 8%.
608
It is also worth noticing that the tropospheric burden of fOA (sum of fPOA, fSOA-sv,
609
and fSOA-iv) increases by 18% compared to an increase of 5% of the bbOA (sum of Table 2 ). The SOA increase (by 12%) in the sensitivity 617 simulation (mainly due to the increased SOA-iv) results in reduced SOA 618 underestimation (Table 2 ). In both POA and SOA cases the effect is more important 619 during winter, when wet removal is most efficient, and lower during summer. POA 
